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ABSTRACT 



This publication aims to help teachers to more effectively 
teach math and science to English language learners (ELLs) . It argues that 
the learner's home language can play an important role in his or her science 
and math learning, whether or not the teacher speaks that language. When 
students are allowed to use their home language in the classroom, their 
academic performance improves, which can help them to build a solid 
foundation in math and science concepts before entering the higher grades 
where language becomes more decontextualized and cognitively more demanding. 
Skills in content areas like math and science, once learned in the first 
language, are retained when instruction shifts to the second language. The 
book is divided into several sections including the following: "Understanding 
the Specialized Languages of Mathematics and Science"; "Linking Second 
Language Strategies with Content Instruction"; "Thematic Instruction"; 
Cooperative Learning"; "Inquiry and Problem Solving"; "Vocabulary 
Development"; "Classroom discourse"; "Affective influences"; "Assessment"; 
"Collaborating with Other Teachers"; and "Involving the Family." There are 
also three "scenes for the classroom, " where practicing teachers share what 
has worked well for them in their classrooms. (Contains 58 published 
references and 4 general organizational references.) (KFT) 
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Language-minority students are the fastest growing 

group in Northwest schools— their numbers more than doubling in Alaska, 
Idaho, Montana, Oregon, and Washington this decade. At the same time, 
mathematics and science education has been undergoing major reforms 
that have raised the expectations for all students. These reforms, with an 
emphasis on learning challenging content and developing depth of un- 
derstanding through problem solving and inquiry, place high demands 
on students' communication skills. To enable English-language learners 
to participate meaningfully in the academic discourse and activities that 
are necessary to achieve the mathematics and science standards, teachers 
must help them to develop language skills that go beyond mere social 
fluency 

Fortunately, research indicates that principles of standards-based teaching 
and second-language acquisition strategies are similar. The active learn- 
ing central to problem solving and inquiry also promotes the development 
of students' communication skills. Today's inclusive classrooms provide 
both challenges and rich learning opportunities for teachers and students. 
Teaching Mathematics and Science to English-Language Learners offers 
ideas about how to link standards-based teaching strategies with tech- 
niques from the field of second-language acquisition. 

This publication is part of the Northwest Regional Educational Labora- 
tory's series, It's Just Good Teaching. This series of publications and videos 
offers teachers research-based instructional strategies with real-life exam- 
ples from Northwest classrooms. Teaching Mathematics and Science to 
English-Language Learners is one of a three-issue focus on the diverse 
needs of students in inclusive classrooms. Two other publications in the 
series address strategies for teaching students with learning disabilities 
and gifted students. We hope readers will find this publication useful in 
their efforts to provide all students with high-quality mathematics and 
science learning experiences. 

Kit Peixotto 
Director 

Mathematics and Science Education Center 
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Learning an additional language is very much like 

learning a first language, some researchers theorize. They contend that 
the brain may be “hard wired" or programmed to learn language, so that, 
regardless of whether it's the first or subsequent language being learned, 
the process of acquiring it is similar. Therefore, much like a toddler will 
learn her first language in the context of daily encoun- 
ters with the real world and interactions with other 
people, so will a student learn a second language best 
when he can learn it in an authentic and interactive 
environment (Radford, Netten, & Duquette, 1997). 

Social and academic languages. Two kinds of 
language conventions take place in the classroom: so- 
cial language and academic language. Social language 
conventions are highly contextual, enabling language- 
minority students to infer meaning and interpret vi- 
sual cues and body language. Meanings in social dis- 
course are built collaboratively. On the other hand, 
academic language is more abstract and common words can take on spe- 
cialized meanings. In academic discourse, students are often individually 
responsible for constructing meanings and must rely on their own un- 
derstanding of both the language and concepts involved. They are both 
important to students' learning and social development, but, while stu- 
dents can be relatively proficient in social language, they must be explic- 
itly taught to use academic language (Kang & Pham, 1995; Laplante, 1997; 
Lee & Fradd, 1996). 

Role of home languages. Much debate has centered on which lan- 
guage should be used as the primary language of instruction, English or 
the child's home language. Research shows that students' home languages 
can play an important role in their science and math learning, whether 
or not the teacher speaks these languages. When students are allowed to 
use their home language in the classroom, their academic performance 
as well as English-language development often improves (Kang & Pham, 
1995; Latham, 1998). It can be especially helpful to younger students to use 



The ability to speak English 

AND A SECOND LANGUAGE, 

COMBINED WITH STRONG SKILLS 

IN MATHEMATICS AND SCIENCE, 

WILL PROVIDE UNLIMITED 

OPPORTUNITIES .... 

— American Association for the 
Advancement of Science (1998) 



their home language in academic learning. This 
can enable them to build a foundation of math 
and science concepts before entering higher grades 
where language becomes more "decontextualized 
and cognitively demanding" (Cummins, 1992, as 
cited by Rupp, 1992). 

Research shows that "skills in content areas like 
mathematics and social studies, once learned in the 
first language, are retained when instruction shifts 
to the second language," says James Crawford (1995). 

A 1999 conference organized by the U.S. Department 
of Education's National Educational Research Pol- 
icy and Priorities Board and the Office of Bilingual 
Education and Minority Language Affairs surveyed 
successful research-based practices for language- 
minority students. It concluded that students 
achieve slightly better in mathematics and reading 
when their home languages are incorporated into 
instructional programs. The research board recom- 
mended that broad instructional approaches be 
used for teaching English-language learners 
(Viadero, 1999). 





and Science 



Mathematics and science classrooms based on inquiry 

and problem solving hold special promise and challenge for language- 
minority students. Scientific inquiry and mathematical problem solving 
are suffused with talk: questioning, describing, explaining, hypothesiz- 
ing, debating, clarifying, elaborating, and verifying and sharing results. 
While the language demands are significant, the potential is also strong 
that students will learn important English-language skills as well as sci- 
ence and math content (Buxton, 1998; Crawford, 1995; Kang & Pham, 1995; 
Kessler, Quinn, & Fathman, 1992; Laplante, 1997). 

Traditionally, mathematics has been thought of as 
an area with minimal language demands. In fact, 
mathematics and language are intricately connected- 
language facilitates mathematical thinking (Dale & 
Cuevas, 1992). Today's emphasis on problem solving 
and communication in mathematics means, more 
than ever, that students must be skilled in using at 
least the basic language of mathematics. The language 
of mathematics includes specialized vocabulary and discourse features 
(Kang & Pham, 1995). It also incorporates "everyday vocabulary that takes 
on a different meaning in mathematics," like equal, rational, irrational, 
column, and table (D ale S' Cuevas, 1992). 

Mathematical operations can be signaled in many different ways, posing 
additional challenges for language-minority students. For example, addi- 
tion can be signaled with the words: add, plus, combine, and, sum, in- 
creased by. Some mathematical symbols used in other countries differ 
from how they are used in the United States. For example, the comma 
may be used to separate whole numbers from decimal parts (functioning 
as the decimal point does in this country). On the other hand, a decimal 
point may be used as the comma is here, to separate hundreds from thou- 
sands, hundred thousands from millions, and so on (Dale & Cuevas, 1992). 

Language-minority students may attempt to read and write mathemati- 
cal sentences in the same way that they read and write standard narrative 
text. In other words, they may try to translate word-for-word between a 

y > 4 - 



Teachers need to help 

STUDENTS ... COMMUNICATE 
EFFECTIVELY IN THE FORMAL 
REGISTER OF MATHEMATICS. 

— Kang & Pham (1995) 
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mathematical concept expressed in words and the concept expressed in 
symbols. However, the way a mathematical concept is expressed in words 
often differs in its order from the way the concept is expressed in sym- 
bols. A linear, one-to-one translation is often not possible. Dale and Cuevas 
(1992) offer as examples the phrase eight divided by two, which might be 
incorrectly translated to 8l2”rather than 2 )8(or the algebraic phrase, the 
number a is five less than the number b, which the student may mistak- 
enly restate as a=5-b, when it should be a=b-5. 

Science, on the other hand, is recognized as a highly communicative dis- 
cipline, where language is central to the collaborative nature of scientific 
discourse. However, there is an established way of “talking science." Lan- 
guage conventions are evident in the way we argue or debate in science; 
the way we offer hypotheses or 
communicate inferences; the 
way we negotiate meaning by 
questioning, paraphrasing, or 
elaborating during scientific 
discourse (Laplante, 1997). 

Students who are learning Eng- 
lish as a new language, espe- 
cially younger students, often 
have difficulty interpreting the 
meaning of logical connectors 
in mathematics and science dis- 
course. Logical connectors are 
words or phrases, such as the 
words if, because, however, and 
consequently, that signal a logi- 
cal relationship between parts 
of a text. In mathematics and 
science, logical connectors sig- 
nal similarity or contradiction; 
cause and effect; reason and re- 
sult; and chronological or logi- 
cal sequence. Students who 
have trouble with logical con- 
nectors in a mathematical or scientific problem may be able to solve it 
when it is restated using a declarative sentence (Dale S' Cuevas, 1992; 
Kessler, et al., 1992). 

The section, “Linking Second-Language Strategies with Content Instruc- 
tion," will highlight techniques teachers can use to help language-minor- 
ity students develop skills in using the specialized languages of mathe- 
matics and science. 
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Shared Past Draws Teacher, 
Students Together 

Clark SVIiddle School, Anchorage, Alaska 



Her background provides the clue, raised in the mid- 

west by parents who immigrated from Czechoslovakia, Darling spoke only 
Czech as a girl. As a young adult, she moved to Dillingham, a fishing village 
in Alaska, where she lived for 25 years, teaching Alaska Native youngsters 

about Western ideas in science. Not long ago, she and her 
family left the village, moving to Alaska’s most urban city, 
Anchorage. She applied to one school only: Clark Middle 
School, which has one of the highest percentages of lan- 
guage-minority students in the district. When asked, she 
concedes that a common thread may connect her to these 
young people from distant villages, islands, and countries. 
/Is she speaks, her own personal history takes shape. 

There's something in my history that's dark. My mother’s 
family came to the United States from Czechoslovakia 
because they were running away from persecution. My 
father’s family were poor Czech farmers. Both families 
settled in the Midwest. My parents started as farmers, but 
they were too poor, so we moved to the city, a suburb of 
Milwaukee, and my dad got a job as a butcher in a factory. 
The community was Polish, Czech, and German. I spoke 
Czech until I was in kindergarten. Czech continued to be 
our primary language at home until I was in about third or fourth grade, when 
my parents were scolded by teachers for not speaking more English with us. 

Now that my brothers and sisters and I are older, we know that there’s some- 
thing unique about our family. We’re bonded by blood. We all had the same 
beginnings. But we grew out of our language, we've forgotten it, and we 
regret that. It is a really rich language, but nobody encouraged us to keep 
speaking Czech. I wish somebody would have said, “Always remember it.” 



Sometimes we don't realize 

WHAT DRAWS US TO DO A 
PARTICULAR THING UNTIL 
SOMEONE ASKS. THEN, IN OUR 
ATTEMPT TO EXPLAIN, WE SEE 
WITH SURPRISE THAT IT MAKES 
PERFECT SENSE. SUCH SEEMS TO 
BE THE CASE WITH TEACHER 

Mary Ellen Kisling Darling 

WHEN ASKED ABOUT HER 
AFFINITY FOR TEACHING 
LANGUAGE-MINORITY STUDENTS. 
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/Is a youth, Darling read in English to her 
parents and helped her dad with his spelling 
when he began to write letters in English. 

After high school, she went to college and 
earned a nursing degree. The Vietnam War 
was in full swing. She participated in peace 
marches and demonstrations. She and her 
brother even made plans to emigrate to 
Canada. Though her brother’s application 
was accepted by Canadian immigration, 
her’s wasn’t, so the two stayed in the U.S. 

But Darling’s wanderlust was aroused. 

I always wanted to go to Alaska. I knew I 
wanted to feel special. I didn’t feel special 
in the city and I wanted that so badly. So 
after college I hitchhiked across the coun- 
try but only made it as far as Colorado. But 
it was so beautiful I didn’t mind staying. I 
ran a health food store and lived under a 
tarp until the snows came three months 
later. I called the Alaska Nursing Associa- 
tion and asked if they had any jobs, and 
they told me that there was an opening for 
a nurse in Dillingham. I took a train back 
home to Wisconsin and packed. My mother 
put $20 in my pocket and I flew to Alaska. 

When I got off the plane in Dillingham, five 
men were there to greet me — there weren’t 
that many available women in town! There 
were 800 people living there then; now there 
are 2,000. 1 worked as a nurse for about a 
year, but it was very frustrating. I got into a 
lot of trouble because I asked questions. 

Patients weren't supposed to ask ques- 
tions, either, and that was especially diffi- 
cult for Alaska Natives who weren't fluent 
in English. This became a big issue for me. 

I began to want to work where the approach 
was preventative, not curative. I decided I wanted to be a teacher. I went to 
Anchorage and got my teaching certificate, then moved back to Dillingham 
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I wanted to teach those village kids. I felt strongly that they had a right to in- 
formation that would help them. I wanted to make education practical for 
them because the kids needed survival skills. I taught them how to use tools, 
to make a perfect square so that they could make foundations for their homes; 

I taught them applied mathematics. We went on survival trips. I taught sev- 
eral students to be nurses' aides, and three out of seven became village 
health workers. 

After living in Dillingham for years, Darling and her husband, William, 51, de- 
cided to move to Anchorage. They thought it might be good for their children, 
Evan and Brook, to experience life in a larger city. The urban lifestyle has intro- 
duced their children to new and valuable experiences, but for Darling, city life 
now seems foreign to her, 

I wouldn’t have moved but Bill said, "Change is good.” Evan and Brook were 
very rural children at the time. They thought the world revolved around them 
because everyone knew them and everyone cared about them. But they 
weren't into basketball or wrestling, which were very popular sports in Dilling- 
ham. My son was a good skier, so we moved to Anchorage to see what he 
could accomplish with that. He did very well. Brook said she wanted to play 
the cello, and now she plays with the school orchestra. I wouldn't have known 
these things about them. It’s almost scary. But I don’t feel like I belong in 
the city. Not yet. There are things that scare me about it, like the fast pace. 

I don't do things fast, but that’s probably advantageous for my bilingual kids. 

I don't make any other allowances for them. They have to learn the same 
things as everyone else. I’ve been there. I know it's hard. I’m grateful that 
teachers didn’t give up on me and expected me to do well. They also need to 
keep up their language and culture; I think they'll have a richer life if they do. 
They'll have more opportunities. They can enjoy more things. Whereas I can 
only relate to one culture, they can enjoy a Thai dance one moment and rap 
music the next. 

I think these kids are hearing a different message than I did when I was in 
school. Clark is one of the most unique schools in the district. I’m choosing 
to be here. I’m addicted to those kids. The baggage some of them carry is 
incredible to me. Baggage that would make me immobile, but they live with 
that and come to school every day. I believe I do make a difference in the 
children's lives, if only for six hours a day. 

Darling has certainly made a difference in Yagga’s life. Yagga moved with her 
family from West Africa to Alaska two years ago. Her parents are very eager for 
herto do well in her new school. But, at the beginning of the school year, Yagga 
told Darling not to call on her because she couldn't speak English very well. 
"Guess what, I pick on people!” Darling told her good-naturedly, adding, “You 
won’t get any better if you don't try. ” Today, Yagga seems to be thriving under 
Darling’s caring but rigorous tutelage. 



i 




8 



Yagga didn't want to talk in class, and she wanted to sit as close to me as 
possible for reassurance. She was scared in the beginning to sit next to boys 
because she didn't want to be teased. She thought she was dumb. She’s 
not, she's smart. She works really hard. I helped her during lunch and after 
school. It wasn't long before she was joining in class discussions. Now, she 
sits next to a boy and isn't scared at all. She’s getting really savvy. We were 
doing a unit on women in science as part of our study of chemistry and the 
periodic table, and we read about Marie Curie, who won two Nobel peace 
prizes for her work with radium, and Maria Goeppert-Mayer, a Nobel Laure- 
ate in Physics. Yagga wrote in a paper about 
how awesome these women were for not giving 
up. She’s also driven. I don't know what drives 
her. Want to hear what she’s doing now? She's 
campaigning forthe position of recorder on a 
schoolwide student advisory board! 

Darling's exclamation of pride is the surest 
sound of someone whose inner compass has 
steered them right. In the company of young 
people from diverse homelands, Darling not only 
guides them through encounters with Western 
ideas in mathematics and science, but enlivens 
the journey with humor and wisdom that springs 
from a common past. 
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Many of the teaching approaches suggested below 

are identified in current mathematics and science education reform as 
effective instruction for all students. By linking these core instructional 
strategies with techniques from the field of second-language acquisition, 
teachers can target the specific needs of language-minority students. 



Thematic Omstructiom 

By organizing key concepts, or big ideas, into theme-based units, teachers 
can create extended learning experiences that give students more time 
to become proficient with the language used to discuss and explore those 
larger concepts (Anstrom & Lynch, 1998). To help language-minority stu- 
dents connect their prior knowledge and experiences 
with new information presented in the curriculum, 
teachers will want to place thematic units in the con- 
text of students' everyday lives (Kessler, et al., 1992; Lee, 
Fradd, & Sutman, 1995). This can be achieved by includ- 
ing real-world applications of key concepts; presenting 
ideas and organizing activities in the context of stu- 
dents' home cultures; and by encouraging students to 
talk about their prior experiences and knowledge con- 
cerning the theme. Students who find it difficult to 
enter into classroom conversations may need, at times, to draw on their 
informal language skills and personal experiences to express their under- 
standing (Ballenger, 1996). 



The parallels or 

LINKS BETWEEN SCIENCE 
LEARNING AND SECOND- 
LANGUAGE LEARNING ARE 
REMARKABLY STRONG. 
— Kessler, Quinn, & Fathman (1992) 



Cooperative Learning 

In cooperative learning, students use language related to the task while 
conversing, collaborating, and tutoring one another. By using their second- 
language skills in authentic discourse, students are exposed to complex 
language structures and have opportunities to refine their communica- 
tion skills by negotiating meaning through talk. By articulating their 
problem-solving strategies and reasoning within a group, students can 
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Scientific inquiry. Students who are new to the study of science may 
need to begin with explicit instruction and progress to more exploratory 
learning, gradually developing independent-learning skills. Students 
who don't know Western cultural rules for conducting science inquiry 
such as cultural conventions of questioning, planning, hypothesizing, 
collecting and analyzing data, discussing, and constructing theories and 
explanations, may not be able to fully participate in classroom learning. 
Fradd and Lee (1999) explain: 

... Delpit (1995) suggests that exploratory approaches may not be ap- 
propriate for students who do not know the rules for participating 
in open-ended tasks. For students unaware of the culturally-based 
rules for engaging in exploratory activities, what may appear to be 
egalitarian and democratic can, in reality, produce the opposite out- 
comes. Because the indirect nature of exploratory instruction makes 
it difficult for students to acquire participation rules on their own, 
exploration may limit, rather than enhance, students' opportunities 
to learn. Delpit (1995) believes that students unfamiliar with partic- 
ular approaches may require explicit instruction in order to acquire 
skills for effective participation. 

Students' cultural values and styles of interacting may differ from what's 
expected in an inquiry activity. Students may be more comfortable when 
classroom interactions resemble that of their home culture. For example, 
Fradd and Lee (1999) state: 

[T]he rules of science inquiry, including the use of empirical evi- 
dence, logical arguments, skepticism, questioning, and criticism, 
may be incongruent with the values and norms of cultures favoring 
social consensus, shared responsibility, emotional support, and re- 
spect for authority. 

Some students may have difficulty using some language functions, such 
as reflecting, predicting, inferencing, and hypothesizing. Their prior ex- 
periences in school or at home may not have prepared them to ask prob- 
ing questions or to plan their own investigations. Initially, some students 
may prefer that teachers tell and direct them, rather than to do their own 
"inquiring, exploring, and seeking alternative ways" (Lee & Fradd, 1998). 

Nevertheless, from a language perspective, an inquiry approach has many 
benefits. Aspects of inquiry— such as discourse; questioning; investigating; 
observing, classifying and measuring objects and phenomena; and col- 
lecting and analyzing data— can create an environment favorable to sec- 
ond-language development (Laplante, 1997). The best approach, say Fradd 
and Lee (1999), integrates explicit instruction with exploratory learning 
in a complementary fashion to address individual student's needs. This 
requires a great deal of the teacher's own best judgment. Her decisions, 
however, must ensure that students progress beyond basic content knowl- 
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improve both their language and reasoning skills (Kang & Pham, 1995; 
Spanos, 1992). In cooperative learning, teachers will want to ensure that 
tasks are structured so that language-minority students can contribute 
meaningfully to the group effort, whatever their level of English profi- 
ciency (Kang & Pham, 1995). 

Inquiry and Problem Solving 

Language-minority students can develop inquiry-based and problem- 
solving strategies before they are proficient in English. As previously 
mentioned, problem-solving and inquiry approaches to mathematics 
and science can enhance students' language acquisition as well as their 
content knowledge (Dalton & Sison, 1995). Inquiry, problem solving, and 
second-language acquisition often progress from concrete strategies to 
more abstract reasoning. Thus, as students move from concrete to more 
abstract content, their linguistic skills also progress in complexity, en- 
hancing learning in both areas (Radford, 
et al., 1997). 

In problem solving and inquiry, students 
need to know how to ask for repetition 
and meaning; to tell others what and how 
to do something; to verify and compare 
information; to participate in discussions 
and provide feedback; to report findings 
or a result; to express their opinion and 
explain their reasoning; and to summa- 
rize or draw conclusions. To facilitate this, 
teachers and English-proficient students 
can model these language skills as well as 
those for expressing agreement and dis- 
agreement (Kessler, et al., 1992). 

Problem-solving and inquiry activities 
should be relevant to students' real-life ex- 
periences and prior knowledge. Activities 
should include the use of graphics, ma- 
nipulatives, and other hands-on experi- 
ences to clarify and reinforce meaning. 

Students should have many opportunities 
to write reports, explanations, descriptions, 
their own word problems and problem-solving strategies, journal entries, 
and so on. When the objective of the inquiry or problem-solving task is 
targeting content-rather than vocabulary or some other aspect of lan- 
guage-teachers will want to give greater emphasis to what the child says 
or writes, and attend to grammatical or spelling errors secondarily (Bux- 
ton, 1998). 
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edge, acquire inquiry strategies, and develop an understanding of impor- 
tant science concepts. 

For example, to introduce students to an inquiry unit, teachers can pre- 
sent a new concept or problem with a demonstration, allowing students 
to listen and observe before having to communicate. During the demon- 
stration, teachers can use concrete objects and actions to help students 
construct meaning. As a guide and follow-up to the demonstration, stu- 
dents can use a worksheet to help them develop relevant vocabulary as 
well as conceptual understanding. A class discussion can then follow (Fath- 
man, Quinn, & Kessler, 1992; Kessler, et al., 1992). Later, for more interactive 
learning, students of varying English proficiency can gather into small 
groups to engage in an inquiry activity. The language-filled and interac- 
tive nature of small-group work creates an authentic context that rein- 
forces language development as well as content learning. Students can 
tutor each other, offering tips on English-language usage as well as build- 
ing on each other's understanding of science. Like professional scientists, 
students can solve problems and construct knowledge in a collaborative 
environment. As a follow-up to group activities, students can conduct in- 
dividual investigations. Because language-minority students will vary in 




their ability to communicate their findings, teachers can ask students to 
return to their small groups to discuss their individual investigations and 
select a group member to report back to the whole class (Anstrom & 
Lynch, 1998; Kessler, et al., 1992; Minicucci, 1996). 

The language component of an inquiry unit might involve asking 
beginning-level English-speakers to follow simple action commands, 
identify the names of objects, answer yes/no questions, report results in- 
volving numbers or short answers, and read relatively easy words related 
to visuals or concrete objects. Intermediate-level English-speakers can be 

encouraged to talk about actions, ob- 
jects, and pictures; to ask and answer 
basic questions; and to write and 
read aloud simple descriptions of 
what they have done or observed or 
short answers to questions. Students 
who are more advanced English- 
speakers can be guided to encourage 
less English-proficient students, peer 
tutoring them on content as well as 
vocabulary and grammar. They can 
follow detailed instructions, give ex- 
planations, ask and answer complex 
questions involving how and why, 
talk about abstract ideas, summarize, 
and express their opinions in writ- 
ing (Kessler, et al., 1992). 

iVlathematical problem solving. 

To help students tackle the linguis- 
tic demands of mathematical prob- 
lem solving, teachers can introduce a 
discussion about the vocabulary and 
situational context of the problem. 
This helps students to warm up to 
the linguistic and conceptual tasks 
and to attach personal meaning to the problem. Next, teachers can help 
students break down the problem into "natural grammatical phrases." 
This helps students to understand the meaning of the context and math- 
ematical relationships expressed in the problem— a technique students 
can apply to future problems. Further, teachers can help students to de- 
rive meaning by providing visual cues such as graphic representation, 
physical gestures and role playing, and asking students to rephrase the 
problem in their own words. Working in pairs, students can then work 
the problem and provide a solution and explanation of their problem- 
solving strategies (Kaplan & Patino, 1996). 
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The spare and precise language of word problems leaves many language- 
minority students yearning for more background information to help 
them construct a context for the problem. Language-minority students 
are often literal readers and may search for a paraphrase or a repetition 
that just isn't present in the problem statement. Students need to learn 
when background details are necessary to solve a problem, and when 
they aren't (Dale & Cuevas, 1992). However, teachers should also be aware 
that teaching students to rely on key words or rules to solve math prob- 
lems can "limit students' ability to solve problems that are presented in 
ways that use the key words differently or confound the rules" (Schwartz, 
1991). When appropriate, word problems can be simplified by shortening 
sentences, maintaining active voice, and using the present tense. Sentences 
with complex grammar, such as phrases and subordinate clauses within 
clauses, can be broken up and simplified (Secada & De La Cruz, 1996). Even- 
tually, students must be exposed to the richer and more complex language 
demands of increasingly difficult word problems. 

Writing activities in mathematics give students practice in communicat- 
ing their knowledge and helps them to clarify concepts. These written 
materials provide opportunities for teachers to informally assess students' 
conceptual and language development (Kang & Pham, 1995). Students 
gain valuable language practice and depth of understanding from writ- 
ing exercises that require them to explain a problem and their strategies 
to solve it. Teachers can incorporate journal and letter writing into the 
curriculum. In their journals, students can summarize, organize, and re- 
late ideas, clarify concepts, and review topics. They can describe their 
strategies, accomplishments, frustrations, and other emotional responses 
(Anstrom, 1997). 

Math projects in which students gather public opinions on topics and 
then graph the responses involve students in selecting topics, writing 
questionnaires, interviewing people, and computing and reporting re- 
sults. Students can write reports on these projects, addressing other stu- 
dents, parents, or community members. They can do more explorative 
writing by keeping math logs and writing proposals, reports, resumes, 
portfolios, and their own word problems. Copying information from the 
board, translating mathematical formulas into complete sentences, sum- 
marizing and interpreting a problem and the strategy they used to solve 
it, are all tasks that help to develop mathematical language skills (Kang 
& Pham, 1995; Reyhner, 1994). 




Ki. A 



20 



Vocabulary Development 

Learning the vocabulary of English can become particularly complicated 
for language-minority students when words are not translatable between 
English and their home language. Comparable terms and parallel ways 
of considering ideas may not exist across languages, write Lee and Fradd 
(1998), or, if they do exist, they may not be used with the same frequency 
or manner. 

"As a result, students may circumlocute to convey meanings and produce 
large quantities of talk or utterances/' they write. "By saying too much or 
too little, students may give the impression that they do not understand 
when they simply lack specific language or communication patterns to 
express precise meanings ..." 

Students learn new terminology and word meanings best when they en- 
counter them during purposeful activities and investigations. Therefore, 
teachers will want to teach vocabulary as part of their core instruction, 
not as a separate activity. Teachers can support vocabulary learning by 
supplementing discussions and activities with real objects, pictures, and 
visual supports (Laplante, 1997). The meaning of abstract information can 
be made more explicit in charts and graphs (Fathman, et al., 1992). When 
new words are introduced, teachers should clearly convey the meaning 
of the words, then check students' understanding. When students have 
learned new terminology successfully, they should be able to use newly 
acquired terms in different contexts (Laplante, 1997). 

"Appropriate use of key science terms is an indicator of the precision and 
sophistication of understanding," write Lee and Fradd (1998). 

Fathman and colleagues (1992) recommend limiting the introduction of 
new vocabulary to fewer than 12 words per lesson. Students' knowledge of 
terminology in their home language or, in some cases, the Latin origins 
of words, can help them to decipher meaning. Some students may under- 
stand the meaning of a word better after they have done an activity in- 
volving the thing or idea that is being named Finally, teachers can help 
students to build their science and mathematics vocabulary by reintro- 
ducing key words in different contexts and guiding students to use these 
words during investigations and problem solving. 
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Classroom Discourse 



Teachers can help make the language of mathematics and science more 
comprehensible to their language-minority students by modifying their 
own speech. By using an active voice, limiting the number of new terms, 
paraphrasing or repeating difficult concepts, and using visual supports, 
teachers can facilitate students' language comprehension. Teachers may 
find it helpful to speak slowly, enunciate clearly, use a controlled vocabu- 
lary (i.e., fewer pronouns) and sim- 
ple language structures, and avoid 
idiomatic expressions. Words that 
have double meanings or syn- 
onyms should be defined and 
other descriptive clues provided 
It can also help to use longer pauses 
and nonverbal language such as 
facial expressions, gestures, and 
dramatization. Manipulatives and 
other concrete materials such as 
props, graphs, visuals, transparen- 
cies, bulletin boards, maps, and 
other realia (real artifacts), can be 
very helpful to language learners. 

Teachers will want to check fre- 
quently for students' understand- 
ing by eliciting requests for clarifi- 
cation, posing questions of varying 
levels of complexity, and facilitat- 
ing teacher- to-student and student- 
to-student interaction (Anstrom & 

Lynch, 1998; Buxton, 1998; Kang & 

Pham, 1995). Checking for students' 
comprehension enables teachers to 
know when students are ready for 
more complex language. 

Language-minority students are 
often reticent to join classroom dis- 
cussions. It may be that they're sim- 
ply unsure of their English-lan- 
guage skills or feel alienated from 
the classroom culture. Or it may be 
that the conventions of their home 
cultures regarding verbal interac- 
tion, particularly between children and adults, may differ from those ex- 
pected in the classroom. To foster rich discussions in which all students 
contribute, teachers will want to ensure that there are "entrances" into 
the conversation (Dalton & Sison, 1995). One way to achieve this is to facil- 
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itate student-to-student discussions about important concepts in which 
students feel free to use their social and academic language skills. This 
might mean that students will recall personal anecdotes to illustrate 
their point or to provide evidence to support their theory. Students might 
joke, talk simultaneously, pepper their speech with their home language, 
or offer analogies from their out-of -school experiences (Dalton & Sison, 
1995). During this, the teacher can often recede into the background, in- 
tervening only to keep the discussion progressing constructively or to en- 
sure that all students contribute to the discussion. Sometimes, the teacher 
might use students' own terminology if it seems to capture meaning in 

a way that will be un- 
derstood by other stu- 
dents. In this way, the 
precise use of special- 
ized language is "leav- 
ened with the use of 
children's own lan- 
guage" (Secada & 

De La Cruz, 1996). 



The key to orchestrat- 
ing a student-to-stu- 
dent discussion is to 
plan ahead Determine 
in advance what the 
curricular objective is 
for the discussion. Is it 
to elicit students' prior 
knowledge or to moni- 
tor their current level 
of understanding 
about a concept or 

activity? Is it to help them move from concrete knowledge to more ab- 
stract thinking? What statements might students make that will show 
their understanding? What "unpredictable utterances" might students 
make and how can the teacher be prepared to respond effectively to 
them? How will students interact— by raising their hands, taking turns, 
or talking simultaneously (Dalton & Sison, 1995)? 




Teachers will want to select discussion topics that will encourage students 
to talk about their personal experience and background knowledge. Teach- 
ers can ask open-ended questions that will encourage them to talk about 
themselves in the context of the topic. Teachers can prepare questions 
and prompts to find out what students are thinking about the meaning 
of the activity. And they can ask students to restate, summarize, and jus- 
tify their remarks based on their experience in the activity Anticipating 
obstacles that might interfere with students' understanding, teachers can 
prepare concrete materials and visuals to introduce into the dialogue 




when needed When the discussion concludes, teachers will want to re- 
flect on how well students now understand the topic. Can they use the 
ideas and information on their own? Or is another activity or conversa- 
tion needed to further develop their knowledge of the topic (Dalton & 
Sison, 1995)? 



Affective Influences 

Teachers can help language-minority students feel welcome in the inclu- 
sive classroom by encouraging them to express their ideas, thoughts, and 
experiences and by showing respect for students' current language skills. 
Though at times it can be helpful to repeat or paraphrase students' re- 
marks in class (such as when prompting a student to elaborate, checking 
for understanding, validating a student's contribution, or modeling proper 
English), teachers will want to be careful not to embarrass the student or 
to change the meaning of the student's remark. This is likely to discour- 
age students from trying their English-language skills and engaging in 
the discourse of the classroom. Often the most effective and graceful ap- 
proach is one that focuses on what the student is saying, not on how she 
says it, with corrections being ancillary to content instruction. Students 
should be encouraged to experiment with their new English-language 
skills without fear of embarrassment (Anstrom & Lynch, 1998; Fathman, 
et al., 1992; Kessler, et al., 1992; Lockwood, 1998). 



Assessment 

Decoding the language of a paper-and-pencil test can hinder language- 
minority students from demonstrating what they know Teachers will 
want to use a variety of assessment methods to provide a more complete 
picture of students' progress and areas of need. They will want to focus on 
ways students can show what they do know and use this information to 
guide instruction (Buchanan & Helman, 1993). 

Standards-based instruction emphasizes tasks that are rich in language, 
such as open-ended tasks, journal writing, reflection, and explanation. 
Teachers need to monitor and assess their students' language development 
as well as their understanding of content knowledge. Formative assess- 
ments are administered during a lesson to help teachers to determine 
their students' current level of language proficiency and conceptual un- 
derstanding. Formative assessments are not used for grading purposes, 
but provide both teacher and student with valuable feedback about the 
student's progress. These assessments might include student demonstra- 
tions, written projects, and interviews between teacher and student. 

Students can create concept and semantic webs, demonstrating their 
understanding of relationships between key ideas or components of a 
text. During discussions, teachers can use checklists to check students' 
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content knowledge as well as their listening and vocabulary skills. They 
can observe how well students respond to questions and how well they 
; can explain their reasoning, keeping anecdotal records of these observa- 
tions. Rating scales and rubrics, portfolios of students' homework, logs, 
and writing assignments can also help teachers to track students' progress 
and to detect misconceptions (Kang & Pham, 1995). 

Performance assessments that focus on students' processes for com- 
pleting a task or solving a problem, rather than just the results of their 
work, also can be valuable assessment tools. However, performance assess- 
ments may need to be adapted for students who are still learning English 
and those who have not grown up in households where language forms 
and uses parallel those of the classroom. To make appropriate adaptations, 
teachers will first need to analyze the language demands of each perfor- 
mance assessment (Koelsch, Estrin, & Farr, 1995). The authors of the Guide 
to Analyzing Cultural & Linguistic Assumptions of Performance Tasks 
(Koelsch, et al., 1995), a publication of WestEd in San Francisco (formerly 
called Far West Laboratory for Educational Research and Development), 
write: "Language is used in oral and written instructions that are at times 
lengthy and complex. Assessments from any subject area often require 
reading of extended passages ... Even mathematics assessments now com- 
monly demand that students write about how and why they solved a prob- 
lem as they did— something that calls for both cognitive insights (meta- 
cognition) and the ability to express these insights clearly in language ...." 

Despite the language demands of performance assessments, they can 
offer significant opportunities for students to display their learning in 
meaningful ways. Teachers can allow students to choose the timing and 
pacing of the assessments or provide input into the topic or choose how 
they will represent their knowledge (i.e., orally, in writing, using multi- 
media, etc.). Teachers can also adapt or create new tasks to make assess- 
ment more meaningful and authentic for language-minority students. 
To be authentic, an assessment should be open-ended, accommodate dif- 
ferent learning styles, and require students to represent their knowledge 
in various ways. When creating assessments, teachers should consider stu- 
dents' prior experiences with the concepts, knowledge, skills, and applica- 
tions called for (Koelsch, et al., 1995). 

Teachers will want to recognize when students' level of English profi- 
ciency affects their responses on open-ended tasks. The book Guide to 
Scoring LEP Student Responses to Open-Ended Mathematics Items (Ko- 
priva & Saez, 1997), published by the Council of Chief State School Officers, 
identifies common responses language-minority students make to open- 
ended tasks. For example, a student might switch codes in a sentence con- 
taining elements from both the student's first and new languages, such 
as using the Spanish word es for the English word is. The student might 
also follow the rules of syntax or word order used in his home language; 
for example, transposing the English phrase the blue house to the house 
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blue . Students may apply sounds from their home language to English 
words, such as writing rattfor the English word right They may use 
spelling conventions from their home language to write English words. 
They might omit tense markers, articles, plurals, prepositions, or other 
words because they lack understanding of English conventions or be- 
cause there is no equivalent convention in the students' home language. 

The authors also state that language-minority students' responses might 
follow a circular style. These responses are often fuller and richer than 
traditional responses, and can be more wordy and include secondary in- 
formation which the student does not directly connect to the subject at 
hand They may use long descriptive sentences. Students may not begin 
their response with a topic sentence or main point, but lead up to this with 
lengthy paragraphs. Other students might prefer a brief response style 
where every sentence in a paragraph is a topic sentence. Students might 
substitute common words for precise mathematical terms and concepts, 
such as fattest for greatest, and smallest for fewest. They can be confused 
by words that can have multiple meanings. For example, in mathematics, 
the word left can indicate location or what's remaining, and the word 
whole can mean whole number or all of the parts (Kopriva & Saez, 1997). 



Finally, the authors note that students often interpret test items based on 
their cultural values, sometimes leading to their misunderstanding. For 
example, students whose culture does not emphasize winning may re- 
spond to a test item directing them to create a race course that is most fair 
for all contestants by designing a course in which slower runners run 
shorter distances— thereby giving slower and faster runners the same 
chance at winning the race (Kopriva & Saez, 1997). 




Reading and writing assessment 
activities are essential for gauging 
and developing students' language 
proficiency (Bernhardt, Destino, 
Kamil, & Rodriguez-Munoz, 1995). 
Ideally, students should have opportu- 
nities to demonstrate their conceptual 
understanding in writing using their 
home language as well as English. 
When available, assessments using 
the student's home language can help 
teachers to determine whether con- 
cepts presented in English have been 
successfully mastered (Buxton, 1998). 

Finally, teachers should be on the 
lookout for the many cues, often 
nonverbal, that students give which 
reflect their level of understanding, 
such as "Aha!" expressions or looks 
of confusion. Secada and De La Cruz 
(1996) note some of the many ways 
that teachers can detect students' con- 
ceptual and language comprehension: 

ED Ask students if they understand 
one another's explanations 

ED Listen to see if students are restat- 
ing in their own words what has 
been said by others 

E2 Notice if students relate an idea or 
statement to a different event 



□ Ask students to explain or elaborate their reasoning 

ED Notice when students point out something that is wrong with an idea, 
showing that they understand that idea 

□ Ask if anyone has solved a problem in a different way or can give a new 
way of justifying an idea 
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□ Ask a student to explain, in his home language, his strategies and rea- 
soning to a bilingual student who is proficient in English, then ask that 
student if the explanation made sense to him 

□ To draw language-minority students into classroom discussions, teach- 
ers can, when appropriate, ask an English-proficient bilingual student to 
translate another student's remarks 
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Richmond Elementary, Salem, Oregon 



T HE NEIGHBORHOOD OF RBCHMOND ELEMENTARY SCHOOL 

consists of small wood-frame houses. Sunlight plays among a canopy of 
maple and oak trees, giving homes and sidewalks a dappled and affable ap- 
pearance. Like the neighborhood, the school is old and comfortable, kept 
cheery by fresh paint, wall displays, and caring adults. This is Salem, the 
capital of Oregon and the population center of the fecund Willamette Valley. 
Many of Salem’s residents, from its earliest settlers to today’s newcomers, 
were drawn to the valley’s agricultural economy. People 
of Hispanic descent have long been part of this commu- 
nity, helping to shape the prosperity and character of the 
city by, in part, working in its outlying orchards, nurseries, 
and landscaping enterprises. Today, many of their chil- 
dren attend Richmond Elementary, where nearly all stu- 
dents are from Spanish-speaking families. 

This morning at Richmond, the aged hallways and class- 
rooms quicken once again to the irrepressible sounds of 
children. Nancy Anderson, math resource teacher, is an- 
ticipating the arrival of a visiting class of second-graders. 
She is setting up math stations around the room, distrib- 
uting materials for a series of activities involving patterns. She surveys the 
tight arrangement of little tables and chairs, wondering how many parents 
might show up and whether there will be enough room for the inevitable 
baby strollers and wandering toddlers. It’s fine, we'll manage, she thinks. 

The second-graders arrive with restrained eagerness. They slide into chairs 
and listen to Anderson’s directions as closely as seven-year-olds can manage. 
Joining Anderson are second-grade teacher Stan Lewin and four mothers. 
The mothers have come, as some do every week, to Anderson’s laboratory 
to take part in the math activities, assisting their children with directions and 
hands-on tasks, and picking up packets of activities to do as a family at home. 
Babysitters being rare, parents often bring their younger children with them. 
While mothers nurse infants, their toddlers join the second-graders in class- 
room activities, piping up, “Mel", when Anderson asks for volunteers. 



By inviting parents into 

HER MATHEMATICS CLASSROOM, 
ONE TEACHER OPENS THE 
DOOR TO LEARNING FOR THE 
WHOLE FAMILY. WlTH PARENTS 
BY THEIR SIDES, CHILDREN 
VENTURE BOLDLY INTO THE 
WORLD OF MATH. 
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Anderson has been very successful in encouraging parents to come to math 
lab with their children. She sends invitations to parents in English and Span- 
ish, with the dates and times of the laboratories. Then she prompts the chil- 
dren to remind their parents, which they do eagerly. The response from 
parents has been strong; last year, parents attended the laboratories nearly 
400 times. 

“I invite them to bring their little ones because the little ones can access the 
math lessons, too,” says Anderson. 

The bustle, the noise, the disorder; Anderson takes it in stride. Lifting one of 
the four-year-olds into her arms, she helps him lead the class in counting 
from one to five. His face glows. When this child enrolls for school in a year 
or so, she hopes, he’ll remember this moment. 

The child in Anderson’s arms- is Claudia’s youngest 
of four sons. When Claudia was in seventh grade, 

Anderson was her teacher. She has fond memories 
of being a pupil in Anderson’s class, but later, as a 
high school student, she dropped out, marrying a 
young man from Mexico. Now, with four children 
under the age of seven, Claudia is determined that 
they will succeed in school. So she comes with her 
eldest son, second-grader Jorge, and his younger 
brothers to math lab. As a family, they move from 
one tiny table to the next as Jorge progresses 
through each station of activities. Claudia’s eyes 
are everywhere: checking Jorge’s progress on a 
task and tracking his brothers as they dart about 
the room, delighted to be in on the action. 

"It’s a real job for parents to come in with three 
or four kids and try to participate in math lab, but 
more and more parents are doing that," says Ander- 
son. "It’s gotten pretty chaotic at times with par- 
ents, strollers, and babies trying to move from 
table to table— I’ve carried my share of babies!” 

Often, parents are accompanied by other adult 
family members. At a recent math lab for the par- 
ents of the fourth- and fifth-graders, 1 1 extended 
families attended, totaling about 55 adults. Un- 
daunted, Anderson quickly moved the lab from the 
classroom to the cafeteria. It’s important to her that 
parents come to the school and participate in their children’s education in 
any way they can manage, she says. Any crowding is just a healthy sign of 
parent involvement. 
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“That’s what’s going to make the 
change in the future of these kids,” 
she says. In math lab, Anderson 
models for the parents how they 
can support their children’s learn- 
ing by asking probing questions, 
eliciting meaningful responses 
from their children, and encour- 
aging creativity while having high 
expectations. As with students, 
says Anderson, “you can’t tell 
them, you have to show them." 

She’s noticed that those children 
who visited her math labs as tod- 
dlers are more ready to learn when 
they come to Richmond as kinder- 
gartners. For many, math lab in- 
troduced them to the fun of 
mathematics, she says, giving 
these preschoolers a positive school experience even before they’re en- 
rolled. Because language can be a formidable obstacle to school success 
for non-English speakers, any boost that can help language-minority students 
when they first come to school is important. And when a student overcomes 
some of the challenges and begins to succeed in school, it is very rewarding 
for teacher and student alike, says Anderson. At Richmond, she says, “hope 
is very evident. If I had to choose a place to work, it would still be Richmond. 
It’s a real loving place." 

She credits principal Kathy Bebe for infusing the school with a sense of fair- 
ness, good spirit, discipline, and high expectations, despite the challenges. 
From office to custodial staff, from teachers to students, most everyone feels 
like a valued member of the school, Anderson says. This climate results partly 
from a formal program Bebe instituted at the school called Love and Logic, 
which helps children learn personal responsibility. The rest must be attrib- 
uted to the shared will and wisdom of the adults who are charged with the 
education of these young people. In a hallway at Richmond is posted a Mex- 
ican proverb, “All the world smiles in the same language." Somehow, this 
captures the spirit of Richmond Elementary better than anything else. 
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Most mathematics and science teachers in general 

education classrooms are monolingual and don't have expertise in second- 
language instruction. Yet many teachers have language-minority students 
in their classes. One of the best ways to deal with this dilemma is to col- 
laborate with a bilingual or English-as-a-second-language (ESL) specialist 
in the school or district By collaborating, content and second-language 
teachers can combine their skills and knowledge to implement more ef- 
fective curriculum, activities, assessment, and resources 
for language-minority students— for the general educa- 
tion classrooms as well as for the ESL or bilingual class- 
room. Furthermore, sharing these tasks can enable each 
teacher to optimize his or her available time (Kang & 

Pham, 1995). 



Second-language teachers can assist content teachers 
in designing curriculum that is infused with language 
activities and can extend that curriculum into the ESL 
classroom where it can be reinforced Second-language 
teachers can analyze the content objectives, as well as 
the language abilities students need to master the con- 
tent, to determine a basis for language activities in the 
ESL classroom. 



Collaboration among 

TEACHERS CAN PROVIDE AN 
ENVIRONMENT IN WHICH SECOND- 
LANGUAGE AND LITERACY 
DEVELOPMENT CAN EXIST ACROSS 
THE CURRICULUM AND SCHOOL 
DAY, LEADING TO INCREASED 
OPPORTUNITIES FOR ACADEMIC 
SUCCESS AMONG ESL STUDENTS. 

— Kang & Pham (1995) 



Content teachers can help design and develop mathematics and science- 
based materials to be used in ESL classes. They can also help second-lan- 
guage teachers to incorporate problem-solving activities into the ESL class. 
This will support students' learning of the specialized language and ways 
of thinking in mathematics and science. It will provide a purposeful con- 
text for practicing more complex language skills as well as higher-order 
thinking skills (Kang & Pham, 1995; Minicucci, 1996). 

Finally, teachers will want to seek ways to collaborate with other content 
teachers. Creating cross-disciplinary units can foster a learning environ- 
ment that is rich in context, with ample opportunities for students to 
make connections to real life and their personal experiences. It also ere- 
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ates more time for language-minority students to learn and use the spe- 
cialized language associated with the topic of the unit (Minicucci, 1996). 
Teachers who do not speak their students' home language might team 
teach with another content teacher who does. Such collaboration can be 
especially useful at the secondary level, where disciplines are often com- 
partmentalized into separate departments (Radford, et al., 1997). 

Content and language teachers can collaborate by (Buxton, 1998): 

m Observing each other's classrooms 

0 Identifying specific linguistic and academic difficulties and demands 
that the content presents 



H Selecting themes for interdisciplinary units and lessons 




g] Identifying objectives of the unit to be taught 

M Identifying key terms and words to introduce 
in advance 

□ Adapting written materials to appropriate 
language levels 

M Extending content and objectives into the 
ESL classroom 

y Creating audio tapes, study guides, and outlines 
of lessons 

0 Previewing lessons in students' home languages 
when appropriate 
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A SOMETIMES OVERLOOKED SOURCE OF KNOWLEDGE AND 

support for the teachers of language-minority students are the children's 
family members. Naturally, they know the child best. They usually share 
the child's background and home language. They know where the child's 
talents lie; they know her weaknesses; they know in which situations or 
environments she learns best. From them, she has 
gained many of her first beliefs, knowledge, and un- 
derstanding of the world, as well as how to interact in 
it. Her world view may differ from Western views ex- 
pressed in the mathematics and science classroom. The 
continued presence of family members in her educa- 
tional life can help her to bridge the differences that 
often exist between home and school. 

Parents can be an inestimable help to the teacher. 

They can tell teachers about the child's previous school 
experiences, provide information about the child's 
learning styles and needs, and share with the teacher 
their hopes and goals for their child They can reinforce classroom learn- 
ing at home. They can volunteer at the school, helping with activities, 
events, and translation needs. They can even help a teacher design a cur- 
riculum relevant to language-minority students by offering ideas, being 
guest speakers in the classroom, and helping teachers find resources and 
other guest speakers from the child's community. 

It can take a long time to nurture and forge a strong home-school link. It 
may take many contacts with family members and other people in the 
students' home communities to bridge differences in language, cultural 
customs, and educational experiences. Family members may be very hes- 
itant to get involved They may have negative memories of their school 
experiences or feel inadequate. Their cultural background may lead them 
to respect authority figures to the degree that they feel they shouldn't in- 
terfere with official practices. Also, many parents are working very hard— 
perhaps at two or three jobs— and simply don't have the time or energy to 
take an active role in their child's education. Lack of transportation and 
child care can limit parents' ability to come into the schools (Gonzalez, 
Brusca- Vega, & Yaw key, 1997). 




A FAMILY MEMBER WOULD 
SAY SOMETHING TO ME AND 
I WOULD FEEL MYSELF SPECIALLY 
RECOGNIZED. My PARENTS 
WOULD SAY SOMETHING TO ME 
AND I WOULD FEEL EMBRACED 
BY THE SOUNDS OF THEIR WORDS. 
—Richard Rodriguez (1982) 
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While the realities of daily life can make it difficult, it is possible to forge 
a link between homes and schools. The key is to start slow, says Virginia 
Gonzalez (1997), “taking small steps, one at a time, toward school involve- 
ment/' With a sincere effort and desire to create ties with children's family 
members, the smallest beginnings can lead to productive relationships, 
with the rewards being reaped by students. 



When teachers and parents first meet, perhaps on the first day of school, 
teachers can create a welcoming impression by inviting them to stay in 
the classroom for a few minutes. Each subsequent contact with parents 
should reinforce this welcome. Notes, calls, and visits— both home and 
school visits— can be done periodically to let parents know when their 
child has done something positive, not just when the teacher is concerned 
about achievement or behavior. By writing notes or calling periodically 
to inform parents of important information or to ask for their thoughts 
about an idea, teachers can make it evident to parents that their input is 
valued and that they are welcome at the school. Parents should be kept in- 
formed about what is expected of their child in mathematics and science; 
especially at the secondary level, parents should be told which courses are 
required for graduation and college application. Home visits are often a 

very good way to meet with 
parents. The informal envi- 
ronment can help everyone 
to interact more readily 
and genuinely (Gonzalez, 
et al., 1997). 

What occurs in the class- 
room also lets parents know 
whether their child's lan- 
guage and culture are wel- 
come. For example, extend- 
ing classroom conversations 
into the home is one way to 
forge a link between home 
and school. As a regular 
practice, students can be 
encouraged each day to take 
home one piece of informa- 
tion to share with their fam- 
ily, or one question that they 
can ask their parents or other adult family members. Teachers might de- 
sign lessons in which students talk to their parents and family members 
about their own childhood, home country, work experiences, and ways of 
doing things. Students can then relate this information to the teacher or 
whole class, in either spoken or written English. This supports students' 
home language and culture, as well as academic and English-language 
learning (Ada, 1995). For example, a parent in a Yup'ik community in 
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Alaska might talk about traditional fishing skills, perhaps touching on 
the life cycle of the salmon or the craft of fashioning waterproof boots 
out of fish skins. A farm worker in Washington might talk about agricul- 
ture and work in the fields, areas that involve measuring skills and oper- 
ating technological tools. They might even lead to parents coming into 
the classroom to share their knowledge with the whole class (Gonzalez, 
et al., 1997). Students might also write a periodical newsletter in their 
home language for parents, including photographs of themselves and 
their school work. All of these activities can help to foster communica- 
tion in the home and can promote students' language and content devel- 
opment (Ada, 1995). 
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Central Middle School of Science, Anchorage, Alaska 



Ot was her first year of teaching, fresh out of college, 

science teacher Jan Davis was assigned to an intermediate school in River- 
side, California with a largely Hispanic student population. Jose, one of the 
youngsters in her class, was just learning English. Each morning, he’d stand 
with his classmates to say the Pledge of Allegiance, placing his left hand 
over his heart. "No,” Davis would tease him kindly, “your other left hand.” 
One day, in his ESL class, Jose was called on to name his two hands. He 
promptly replied: “This is my left hand, and this is my 
other left hand.” 

Davis recalls this story with a laugh, poking fun at her 
clumsy attempt to teach a young language-minority stu- 
dent. But the lesson had a lasting impact. 

“It taught me that I couldn’t take for granted that they 
knew more than they really did, even if he could say 'yes' 
and ‘no’ and seemed to understand everything being said 
in the classroom and on the playground,” she recalls. “It 
taught me to evaluate and not assume what they know.” 

Davis, 31 , grew up in Anchorage. In fact, she attended 
Central as a junior high student. After meeting her future 
husband during a Christmas visit home to Anchorage, 
Davis moved back to Alaska. While Central is not nearly 
as diverse as the school in Riverside, 40 percent of its 
students are from an ethnic minority group and about 
9 percent of them are language-minority students. Davis is now quite expert 
at teaching students for whom English is nottheirfirst language. They come 
to her science classes in various stages of English proficiency, and she en- 
gages them in scientific inquiry through instructional techniques that sup- 
port their language development as well as their understanding of science. 

When Davis returned to her alma mater to teach, she found it a changed 
place. In fact, the school had undergone a couple of overhauls. When prin- 
cipal Keith Taton came to the school in 1990, the school was known as 
Central ABC Alternative School, the ABC meaning “Anchorage Basic Cur- 
riculum.” After a few years of struggling with high turnover and low morale 
among students and faculty, Taton decided that the school needed restruc- 



Turning a faltering middle 

SCHOOL INTO A VIBRANT PLACE 
OF LEARNING GAVE STUDENTS 
AND TEACHERS AT ONE URBAN 
SCHOOL THE RICH TASTE OF 

success. For those pupils 

NOT YET FLUENT IN ENGLISH, 
ACADEMIC SUCCESS CAN MEAN 
THE DIFFERENCE BETWEEN 
LIVING AT THE MARGINS OF 

American society and taking 

ONE'S RIGHTFUL PLACE IN IT. 
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turing. He brought together teachers, university educators, and members of 
the business community to brainstorm ideas. The consensus was that stu- 
dents would be best served by emphasizing mathematics, science, and 
technology across all disciplines. So, in 1993, Taton transformed the school 
by integrating science into all areas of the core and elective curriculum, and 
creating flexible block scheduling to accommodate extended projects. Since 
then, students' mathematics achievement scores have gone up, and stu- 
dents frequently win national science awards. These successes have brought 
Taton recognition for his vision; including being a recent finalist for National 
Principal of the Year awarded by the National Association of Secondary 
School Principals. 

One of the most rewarding changes, says Taton, is that enrollment in the 
school is now hotly contested— every year, there is a waiting list of prospec- 
tive pupils. Now, students are 
more eager to get in than to get 
out. As a magnet school, 40 per- 
cent of the students at Central 
apply to attend through a lot- 
tery. Taton takes some pride in 
the fact that 1 5 percent of the 
students who are attending 
Central through the lottery 
are minority students. 

The restructuring had a great 
effect on school morale. “It 
changed the whole culture of 
the school," says Taton, He says 
it not only energized teachers 
and students, but also revital- 
ized community support. Taton 
credits community encourage- 
ment for the school's ability to 
obtain nearly $4 million in funds 
to renovate the aging building. The jewels in the crown will be wet labs with 
computer stations between each two science classrooms. While wet labs 
will enhance Davis' science classroom by no small measure, her biggest 
satisfaction remains her relationship with students. 

“Teaching ESL students is very gratifying because they’re little sponges, and 
because you know how hard it is for them,” she says. "But once they feel 
comfortable, they just soar.” 
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Conclusion 




In TODAY'S INCREASINGLY DIVERSE CLASSROOMS, STUDENTS' 

cultural backgrounds, home languages, life experiences, and ways of 
learning can vary a great deal. Teachers will want to use instructional 
strategies that respect and build on these differences while helping all 
students learn important concepts and skills in mathematics and science. 

This publication highlights effective in- 
structional approaches that link second- 
language acquisition strategies with other 
standards-based practices. These strategies 
can help the general education teacher 
meet the learning needs of language- 
minority students. The following pages 
contain additional resources that may be 
helpful to teachers in inclusive classrooms. 
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Many of these resources are available through 

NWREL's Mathematics and Science Education Center lending collection. 
Contact the resource specialist at (503) 275-9499 or math_and_science@ 
nwrel.org to learn how to access these resources. The Web site addresses 
(URLs) listed here were current at the time of printing, but may be sub- 
ject to change. 



Resources for further reading 

Barba, R.H. (1995), Science in the multicultural classroom: A guide to 
teaching and learning. Boston, MA: Allyn and Bacon. 

Cary S. (1997). Second language learners: Strategies for teaching and 
learning. York, ME: Stenhouse & Los Angeles, CA: Galef Institute. 

Eastern Stream Center on Resources and Training, Appalachia Educa- 
tional Laboratory & Center for Applied Linguistics. (1998). Help! They 
don't speak English starter kit for primary teachers: A resource guide for 
educators of limited English proficient migrant students, grades Pre-K-6 
(3rd ed). Oneonta, NY: Eastern Stream Center on Resources and Training, 
Charleston, WV: Appalachia Educational Laboratory, & Washington, DC: 
Center for Applied Linguistics. 

Faltis, C.J., & Wolfe, RM. (Eds,). (1999). So much to say: Adolescents, bilin- 
gualism, and ESL in the secondary school. New York, NY: Teachers Col- 
lege Press. 

Garrison, L. (1997). Making the NCTM's standards work for emergent 
English speakers. Teaching Children Mathematics, 4(3), 132-138. 

Gibbons, P. (1991). Learning to learn in a second language. Portsmouth, 
NH: Heinemann. 

Hargett, G.R. (1998), Assessment in ESL & bilingual education : A hot top- 
ics paper. Portland, OR: Northwest Regional Educational Laboratory. 

Harris, J.W. (1995). Sheltered instruction: Bridging the language gap in 
the science classroom. The Science Teacher, 62(2), 24-27. 



0 



e soutnwest Educational Research Association Dallas ty nrcrr'i^ 
ument Reproduction Service No. ED 203 721) ’ ’ ^ oc “ 

Lavadenz, M. (1996). Authentic assessment: Toward equitable assessment 
31-35 n§UaSe mm0nty Students - New Schools, New Communities, 12(2), 

SKSSSSSBS* 
SssSS-S^ss^ 

www.ncbe.gwu.edu/miscpubs/eacwest/perform.htm1 

room.Rt A d?ug S ^ 

Snf 

guage Learning. (ERIC Document Ic^ZonTer^ce No.°ED 3^263) 
Rosebery; A.S., Warren, B., & Sylvan T fiQQS^i Q r i PT ,ff 

ESS ^^^sisssst 

Linguistics (ERIC Digest No. EDD-FL S^07>le°tXed JunS^^ 

e^^500.]^ml f]^I^D^ eb: WWW ' et ^' gov/da * :abases /ERIC_Digests/^ 

^ ocumen t Reproduction Service No. ED 395 500) 

*5*1 li' 



er|c 



36 



Warren, B., & Rosebery, A.S. (1995). Equity in the future tense: Redefin- 
ing relationships among teachers, students, and science in linguistic 
minority classrooms. In W.G. Secada, E. Fennema, & L.B. Adajian (Eds.), 
New directions for equity in mathematics education (pp. 298-328). New 
York, NY: Cambridge University Press. 



Organizations 



ERIC Clearinghouse on Urban Education 

Institute for Urban and Minority Education 

Urban Education Web 

Box 40, Teachers College 

Columbia University 

New York, NY 10027 

Phone: 1-800-601-4868 

Web: eric-web.tc.columbia.edu/pathways/immigrant_issues/ 

The ERIC Clearinghouse's immigrant issues pathway on the Urban Ed- 
ucation Web is designed for those who are either involved in educating 
immigrant students or interested in learning more about the world of 
immigrant students and how we can better meet their needs. The path- 
way offers collections of Internet resources on various topics researched 
and compiled by Urban Education Web. 



National Association for Bilingual Education 

Suite 605 

1220 L Street, N.W. 

Washington, DC 20005-4018 
Phone: (202) 898-1829 
Fax: (202) 789-2866 
E-mail: NABE@nabe.org 
Web: www.nabe.org/ 

The National Association for Bilingual Education (NABE) addresses the 
educational needs of language-minority students. Through research, 
professional development, public education, and legislative advocacy, 
NABE supports the implementation of educational policies and prac- 
tices which ensure equality of educational opportunity for the increas- 
ingly diverse students of America. 
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National Clearinghouse for Bilingual Education 

The George Washington University 
Center for the Study of Language & Education 
2011 Eye Street, N.W., Suite 200 
Washington, DC 20006 
Phone: (202) 467-0867 

Fax: 1-800-531-9347 or (202) 467-4283 (within DC metro area) 

E-mail: askncbe@ncbe.gwu.edu 
Web: www.ncbe.gwu.edu 

NCBE is a program of the U.S. Department of Education's Office of 
Bilingual Education and Minority Languages Affairs (OBEMLA). It col- 
lects, analyzes, and disseminates information relating to the effective 
education of linguistically and culturally diverse learners. NCBE serves 
as a broker for exemplary practices and research as they relate to the ed- 
ucation of language-minority students. It is a source of information for 
classroom teachers and individuals working in foreign-language pro- 
grams, English-as-a-second-language programs, Head Start, Title I, Mi- 
grant Education, and Adult Education programs. 



Northwest Regional Educational Laboratory 

Mathematics and Science Education Center 
101 S.W. Main Street, Suite 500 
Portland, OR 97212 

Phone: (503) 275-9500 or 1-800-547-6339 
E-mail: math_and_science@nwrel.org 
Web: www.nwrel.org/msec/ 

The center provides Northwest K-12 educators with resources and ser- 
vices to support challenging and effective curriculum, instruction, and 
assessment. Teacher guides and support materials, assessment ideas and 
samples, research syntheses, and other items are accessible by a search- 
able database. Northwest educators may borrow materials via online re- 
quests. The It's Just Good Teaching series includes publications and 
videos that promote effective instructional strategies. The publications 
can be ordered or downloaded from the center's Web site. 
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